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ABSTRACT 
 
An Evaluation of Lead in Imported Candies 
within Clark County, Nevada, USA 
 
by 
Lee Reuben Ibarra 
Dr. Shawn L. Gerstenberger, Examination Committee Chair 
Associate Professor of Environmental and Occupational Health 
University of Nevada, Las Vegas 
 
 
 Imported candies from Latin America pose a danger to children because of the 
potential for those candies to contain harmful levels of lead.  If we can identify 
characteristics of imported candies that typically display higher concentrations of lead, 
then we can make better suggestions to local health officials to help prevent elevated 
blood lead levels in children.  Lead concentrations were measured by both a portable 
XRF (x-ray fluorescence) and ICP-MS (inductively coupled plasma mass spectrometry) 
for verification.  This study also explores the Integrated Exposure Uptake Biokinetic 
model developed by the EPA.  Using lead exposure data specific to Clark County, we can 
use this model to estimate the amounts of candy a child would have to consume in order 
to raise his blood lead level to over 10µg/dL (the federal allowable limit).   
The results showed that candies with the ingredients chili or tamarind contained 
less lead concentrations than candies without chili or tamarind.  Lead concentrations in 
candies from Clark County were typically very low (0.5µg/g) and the IEUBK model 
determined that, on average, children would have to consume a large amount of candies 
(~125) a day to reach a blood lead level of 10µg/dL.  However, in the event that some of 
those candies have an extremely high lead concentration (>1000µg/g) then it would only 
iv 
 
take a few of those candies to bring a child’s blood lead level to dangerous levels.  The 
results of this study illustrated the use of XRF testing as a viable quick test for imported 
candies since candies with extremely high lead concentrations are of more concern than 
those near the federal allowable level of 0.1µg/g. 
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CHAPTER 1 
 
INTRODUCTION 
 
From the University of Nevada, Las Vegas, School of Public Health, I propose a  
surveillance based study regarding leaded candies.  The project will focus on surveying 
the status of imported candies from Latin America in Clark County, Nevada.  There has 
been previous research on imported candies because they have been shown to contain 
lead which can cause adverse health effects in children.  However, data gathering and 
statistical analysis of such data in Clark County in previous years has been limited.  More 
research is needed to determine the current status of imported candies to see if any 
changes in the frequency of lead in candies have occurred and if there is any common 
factor among those candies containing high concentrations of lead. 
The overall goal of this project is to conduct an opportunistic study and provide 
valuable data of lead content in imported candies.  Findings from this study can be used 
to inform policy regarding imported candies.  This project will utilize a surveillance 
based, descriptive framework using a combination of qualitative and quantitative 
methods, in order to determine the characteristics of candies with high levels of lead.  
The study will concentrate on imported candies from Latin America as there is a large 
consumer base of Hispanic children in Clark County that consume these candies.  In 
addition, candies produced in Latin America have been known to be potentially exposed 
to lead during the manufacturing process. 
The specific aims of this project are: 1) to determine the characteristics of 
imported candies contaminated with lead, 2) to determine if there are changes in brands 
of leaded candies over the years, and 3) use a model to predict childhood blood lead 
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levels of children who consume the candies.  The study will answer the question:  What 
is the current status of lead contaminated candies imported from Latin America in Clark 
County?  Answering this question will include: noting descriptive variables such as 
purchase location, type of candy, ingredients, weight, and sample size; comparing 
previously known leaded candies with current findings; and, estimating the lead dose 
received and predicting childhood blood lead levels and models. 
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CHAPTER 2 
 
LITERATURE REVIEW 
 
Physical Properties of Lead 
 
 Lead is metallic naturally occurring element and one of the oldest metals known 
to humans.  It is a dense, relatively soft, malleable, silver-blue metal with low tensile 
strength, a poor conductor of electricity and heat, and has a face-centered cubic 
crystalline structure (ATSDR, 2007).  The element also has four naturally occurring 
stable isotopes, three of which result from the decay of naturally occurring radioactive 
elements thorium and uranium (ATSDR, 2007).  Lead is seldom found in pure form in 
nature.  Most often it is found in the ores galena, cerusite, and anglesite where it is 
extracted through the flotation process and further refined by electrolysis or smelting 
(ATSDR, 2007).   
 
 
History & Use of Lead 
 
Humans have found many uses of lead throughout the years, but lead was less 
prized than other metals such as gold, silver, copper, and tin.  This could be attributed to 
its physical characteristics as having a dull luster and being relatively soft which did not 
make it suitable for weapons and jewelry.  However, lead did make its way into many 
facets of society such as beads, glass-making, cosmetics, pottery, medicine, roofing 
material and wine.  Many compounds of lead are strongly colored and durable which is 
why it has been used in paints and cosmetics since ancient times.  Romans also used it for 
pipes and in solder and it was one of the first metals mined in North America for its use 
in shot (Nadakavukaren, 2006).  Lead used in water piping was practiced in many 
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cultures since ancient times.  In fact, the English word for ‘plumbing’ derives from the 
Latin word for lead, plumbum (Nriagu, 1983).  Lead was also thought to have aided in 
improving the flavor of some foods by sweetening and preserving it which enabled it to 
find its way into cooking ware and wine containers (Nriagu, 1983).  Ironically enough, 
the poisonous effects of lead were known to the ancient world yet it was still prescribed 
for medicinal purposes.  Many cultures used it for different reasons such as treating 
indigestion, removing scars, treating ulcers, a soothing ointment, and as tooth fillings 
(Nriagu, 1982).     
In the modern era, lead could be found in gasoline, paints, plumbing, metal roofs, 
and inks (Maxwell & Neumann, 2008).  Potential sources of exposure include pollution 
from industries that use lead or lead containing products (e.g. refineries), lead mining and 
casting, leaded petrol (tetraethyl and tetramethyl lead), lead based paint, lead-containing 
water facilities, lead solder in canned food, lead-containing consumer goods (e.g. 
construction material, cosmetic products, batteries, packing material), and occupations 
and hobbies that involve lead exposure (Hamzaoglu, Caglaya, Yavuz, & Sevin, 2007).  
Lead garnered much attention, however, in the latter half of the 20th century as the 
harmful effects of lead were observed in human workers involved in the production of 
leaded gasoline.  By the 1970s, the findings of numerous studies of lead exposure forced 
governments to take action (Hamzaoglu, Caglaya, Yavuz, & Sevin, 2007).  As a result, 
countries began to ban or limit the use of lead in gasoline and other sources as well. 
The battle against lead, however, still continues as researchers continually find 
more and more potential sources of lead.  In fact, the single most important commercial 
use of lead today is in the manufacture of lead-acid storage batteries which is found in 
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automobiles (ATSDR, 2007).  In addition, many developing countries still have no 
regulations against the use of lead, and in our globalized world of today, happenings in 
one side of the globe can easily be felt in another. 
 
 
Harmful Effects of Lead 
 
Lead is very dangerous because it can accumulate and cause neurological and 
developmental problems.  The problem is that lead poisoning is very difficult to 
diagnose.  Only in high dose lead poisoning are there noticeable symptoms such as severe 
abdominal pain, irritability, decreased consciousness, motor, and sensory deficits 
(Gorospe & Gerstenberger, 2008).  Children are especially vulnerable to the effects of 
lead compared to adults because of their incomplete blood-brain barrier and their ability 
to absorb a greater amount of lead (Maxwell & Neumann, 2008).  With high enough 
levels, lead poisoning can result in decreased intelligence, impaired neurobehavioral 
development, stunted physical growth, hearing and kidney problems, juvenile 
delinquency, and a propensity to commit criminal acts (Maxwell & Neumann, 2008).  
Permanent adverse effects can result with even lower blood lead levels if the children are 
exposed when their nervous system is still developing (Cowan et al., 2006).  However, in 
a recent study done by Horning et al., there is emerging evidence that lead exposure in 
school-age children, 5-7 years of age, may be more strongly related to cognitive and 
behavioral development than exposures during earlier childhood (2009).  This is not to 
say that efforts should limit focus on early childhood but rather that testing of children 
should continue as they progress into the school age. 
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Biological Mechanism 
 
The toxic mechanism of lead is essentially due to its biochemical structure.  Lead 
can bind to similar receptor sites on proteins as other polyvalent cations which allow it to 
be substituted into molecular processes of living organisms (Garza, Chavez, Vega, & 
Soto, 2005).  The interactions with lead and the coordinating amino acid residues in the 
protein can create a new conformational configuration, which can significantly alter the 
protein’s functionality.  In relation to lead neurotoxicity, lead is capable of binding to the 
calcium channel at the selectivity filter which slows the movement of calcium through 
the channel (Garza, Chavez, Vega, & Soto, 2005).  Calcium channels, along with sodium 
and potassium channels, are very important for signal conduction along a neuron.  They 
regulate the electrochemical gradient that allows “signals” to be sent from the dendrites 
to the synaptic vesicles and subsequently to the next adjacent neuron.  The immature 
nervous system is especially vulnerable, because in this stage of development the 
establishment of appropriate neural networks is highly dependent on synaptic activity 
(Garza, Chavez, Vega, & Soto, 2005).  Lead can also reach calcium channels in 
intracellular organelles, including the endoplasmic reticulum, mitochondria, and the cell 
nucleus which can affect intracellular calcium metabolism and regulation (Garza, 
Chavez, Vega, & Soto, 2005).  This has the potential to decrease energy production 
(mitochondria), alter protein folding (endoplasmic reticulum), and cause alterations in 
gene expression and DNA reparation (nucleus).  Long-term effects may produce 
cognitive and motor impairment, with behavioral alterations (Garza, Chavez, Vega, & 
Soto, 2005).   
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Communities at Risk 
 
The effects of lead have been documented in recent times and its use has been 
banned starting in 1973 with leaded gasoline, followed by food cans and paint 
(Hamzaoglu, Caglaya, Yavuz, & Sevin, 2007).  However, children are still continually 
exposed to lead through uncommon routes such as culturally based food traditions.  In a 
country such as the U.S. which is made up of immigrants, many cultural traditions are 
brought along and continually practiced.  This can be very difficult problem in preventing 
lead exposure as imported food items that are potentially contaminated are often 
produced in countries that do not have as strict regulations as the U.S.   
 A major cultural group in the U.S. is the Hispanic community.  Latinos are now 
the largest minority group of children in the United States, representing more than 12 
million, or 1 of every 6, children (U.S. Census Bureau, 2006 as cited by Ramirez & de la 
Cruz, 2002).  Furthermore, nearly one third of all children living in poverty are Latino 
(Carter-Pokras, Pirkle, Chavez, & Gunter, 1990).  The problem is that poverty and blood 
lead levels go hand in hand.  Data from the Third National Health and Nutrition 
Examination Survey (1991–1994) showed that children from low-income families had a 
16.4 percent prevalence of blood lead levels (BLLs) above the threshold of 10 µg/dL, 
compared with 4.1 and 0.9 percent, respectively, among children from middle income 
and high-income families (Vallejos, Strack, & Aronson, 2006).  Aside from the 
socioeconomic effects on Hispanic children, they are also exposed to at least three other 
sources of lead exposure that are more common among families of Mexican origin than 
among other groups: ceramic cooking pots with lead glaze, consumption of imported 
candies from Mexico, and certain home remedies used for the treatment of stomach 
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ailments (Vallejos, Strack, & Aronson, 2006).  Blood lead surveillance data that were 
reported to the Centers for Disease Control and Prevention in 2001 confirm that Hispanic 
children have a higher prevalence of elevated (>10 µg/dL) blood lead levels than do 
children from the general population (see Table 1; Vallejos, Strack, & Aronson, 2006).   
 
 
Table 1.  U.S. Prevalence of elevated blood lead levels (BLLs) in children, 2001 
 
 <12 months old < 72 months old 1-5 years old 
Hispanic children 1.5% 5.57% 2.0% 
All racial groups 0.7% 3.09% 1.6% 
 
(Vallejos, Strack, & Aronson, 2006) 
 
 
 
Hispanics are also less likely to be aware of the hazards of lead and how to avoid 
lead contamination.  Statistics have shown that Puerto Rican and Mexican-American 
children are more likely to have elevated blood lead levels than are non-Hispanic white 
children because of their greater likelihood to live in older housing and inner cities, their 
use of lead-containing folk remedies and lead-glazed pottery, and from consuming lead-
contaminated candy products (Carter-Pokras et al., 2007).   
Lead awareness is not the only issue affecting the Hispanic population.  A more 
pressing issue is that Hispanic children are more likely than others to be uninsured, 
regardless of family income.  In families with incomes below 150 percent of the poverty 
level, 43 percent of Hispanic children are uninsured compared to 30 and 26 percent of 
non-Hispanic whites and blacks, respectively (IOMCCU, 2002).  This can be attributed to 
the large amount of Hispanics working in agriculture and domestic service where 
coverage rates are historically low (IOMCCU, 2002).  In addition, “undocumented 
aliens” are not routinely eligible for Medicaid (IOMCCU, 2002).  This inadequate 
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healthcare coverage suffered by the Hispanic population ultimately means that 
monitoring for and preventing the accumulation of lead in the children’s bodies is 
typically limited.  Intervention then comes only after a child has become ill from lead 
poisoning.  
Border communities are especially at risk as seen in a study by Cowan et al.; 
children living in several of the U.S./Mexico border sites may have blood lead levels 
higher than the U.S. mean with Sonora children having the highest means (2006).  The 
contributing factor is residential paint, which is the leading source of lead exposure in the 
United States, combined with the use of ceramic glazes and folk remedies, which are 
among the top sources of lead in Mexico (Cowan et al., 2006).   
The Hispanic population in the United States continues to grow which will likely  
be accompanied by a proportional increase in the importation of lead contaminated 
products. In addition, the implementation of the North American Free Trade Agreement 
will likely contribute to a less restricted flow of products across the border (Lynch, 
Boatright, & Moss, 2000).  Lastly, the language barrier can make communication of 
public health information regarding the effects of lead very difficult.  Increased 
community outreach efforts will be needed to deal with such changes. 
 
 
Lead in Candies 
 
Common cultural traditions of Hispanic communities consist of using folk 
remedies, glazed pottery, and candy products from Latin America, all of which may 
contain lead.  The potential for exposure, though, is not completely understood due to the 
lack of data regarding lead levels in various products and the extent of use within 
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different Hispanic communities (Lynch, Boatright, & Moss, 2000).  Candies, however, 
are of particular concern because of the potential for children to eat them.  
Although there are standards set by the FDA for allowable lead concentrations in 
imported candies, the problem still exists because many Latin American candy 
manufacturers have two versions of their product: one specifically designed to meet FDA 
standards for the United States, and a cheaper and poorer version for the native market 
(Medlin, 2004).  The cheaper version, although designed for local markets, still finds its 
way across the border through truck-driven shipments to small, family-owned stores, or 
to ethnic groceries found in many Hispanic communities.  These stores are frequented by 
local Latinos who miss the comfort of foods from back home and so there is a market for 
these candies where there are large Hispanic communities (Medlin, 2004).  Areas in the 
southwest that contain extensive Hispanic communities include southern California, 
Texas, New Mexico, Arizona, and southern Nevada; accordingly, these areas are a 
primary destination for the distribution of ethnic foods due to the proximity to the 
southern U.S. border.   
There are two possible sources of lead contamination in imported candies which 
can include either the candy itself, or the packaging it is housed in.  Some examples of 
where lead has been previously found include tamarind candy in lead-glazed pottery, 
printed cellophane candy wrappers, and chili powder (Carter-Pokras et al., 2007).  
Contamination can occur through different phases of manufacturing.  For instance, 
several potential contamination sources of the chili powder have been suggested to 
originate from soil residue from fields, air-drying or storage where the chilies can 
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accumulate dust from exhaust emissions, metal particles accumulated during the grinding 
process, and drying over open petrochemical fires (Carter-Pokras et al., 2007).   
In addition, candy wrappers are often printed with leaded paint and although not  
consumed, there are four mechanisms by which substances used in printing inks can 
migrate from the printed surface to the food contact surface: blocking, rubbing, peeling, 
and diffusion (Bradley et al., 2005, as cited by Kim et al., 2008).  If the packaging is 
poorly designed, the inner coating will not maintain structural integrity thereby allowing 
ink components from the outer layer to migrate into the candy.  Candies in general are 
sticky and can adhere to its wrapper which suggests that children come into contact with 
the wrapper either through licking or sucking the wrapper (CDC, 2002).   Furthermore, 
candy contact surfaces of the packages have a potential for contamination because 
finished packaging films are frequently distributed to manufacturers in reel form in which 
the outer printed surface and food contact surfaces of the packages are in contact with 
each other (Kim et al., 2008).  As a result, candy wrappers cannot be ignored when 
dealing with contaminated candies.  
 
 
Children at Risk 
 
 Candies are an important facet of society, not only as a food source but also a 
source of comfort.  Chocolates and candies are favorite food items of children and are 
often presented to them as tokens of love and affection from their parents and relatives 
(Dayhiya, Karpe, & Sharma, 2005).  As a result, the popularity and consumption of a 
specific candy grows day by day and an acquired taste for them develops in the children 
(Duran, Tuzen, & Soylak, 2009).   
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Accordingly, cases of elevated blood lead levels in children following the 
consumption of contaminated candies have been documented by the Center for Disease 
Control and Prevention (CDC).  In 2000, a Hispanic child born in Los Angeles County, 
California, was identified through a routine screening program of having a blood lead 
level of 22 µg/dL (CDC, 2002).  Tests of the boy’s home showed no significant dust, soil, 
or paint lead levels.  There was no reported use of home remedies or imported cooking 
pottery but it was reported that the child had been eating Mexican candies repeatedly for 
three years (CDC, 2002).  After suggesting that the child stop consumption of the 
candies, the boy’s blood lead levels was reduced to 11 µg/dL the following year (CDC, 
2002).  In another example of the same year, a Hispanic boy aged 2 years in Orange 
County was identified through routine screening with a blood lead level of 26 µg/dL 
(CDC, 2002).  The family’s house was built in  
1963 but tests on soil, paint, and dust on the home did not reveal high lead levels (CDC, 
2002).  It was noted that the child had been given greta and azarcon (folk remedies that 
usually contains lead) and had eaten various imported tamarind fruit candies from 
Mexico (CDC, 2002).  Testing of a Dulmex-brand Bolirindo lollipop the child had eaten 
revealed 404 parts per million (ppm) and 21,000 ppm of lead in the stick and wrapper, 
respectively, and 0.2 ppm and 0.3 ppm in the candy and seed, respectively (CDC, 2002).  
Verification tests by the Food and Drug Administration (FDA) confirmed the high lead 
levels in the wrapper of the product and issued a public health warning (CDC, 2002)  
The southwest is abundant with Hispanic communities due to its close proximity 
to Mexico.  The city of Las Vegas alone (Las Vegas and North Las Vegas) has roughly 
250,000 residents who are of Hispanic of Latino origin (U.S. Census Bureau, 2008).  This 
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makes these areas especially at risk for elevated blood lead levels through the 
consumption of imported candies.  In fact, from May 2001 to January 2002, of 
approximately 1000 cases of elevated blood lead levels among children in California, 150 
of them were link to possible exposures from candies produced in Mexico (CDC, 2002).  
The dangers of consuming a single contaminated piece of candy is intensified with the 
fact that a single piece of candy can exceed the FDA’s provisional tolerable daily intake 
level for lead of 6 µg in a typical 30 gram serving (CDC, 2002).  This becomes more 
dangerous as a child consumes additional pieces of candy.   
An elevated blood lead level is classified as having a blood lead level of 10 µg/dL 
or greater (CDC, 2002).  Yet deficits in cognitive and academic skills have been reported 
in children with blood lead concentrations lower than 5 µg/dL (Lanphear et al., 2000 as 
cited by Pokras & Kneeland, 2008).  This would suggest that there are no safe levels of 
lead in a child’s body.  Furthermore, with lead’s ability to accumulate in the body, eating 
contaminated candies continuously can lead to dangerously excessive levels.  In a study 
done on contaminated tamarind candies in Oklahoma by Lynch et al., consuming the 
candy containing the mean concentration of lead at the rate of once per day was predicted 
to result in a more than five-fold increase in the prevalence of blood lead levels among 
those that consumed the candy (Lynch, Boatright, & Moss, 2000, p. 541).  Due to the 
known adverse health effects of lead, the rates of consumption of candies are just as an 
important measure as the lead content itself.  A repeated exposure to a small dose of lead 
can be just as lethal as a single large dose.  Therefore, all measurements of lead, whether 
large or small in this study, will be vital to access the current status of imported candies 
in Clark County. 
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CHAPTER 3 
 
QUESTIONS, OBJECTIVES, & HYPOTHESES 
 
Research Question 
 
This study will address the question:  What is the current status of lead 
concentrations in candies imported from Latin America to Clark County, Nevada?  
 
 
Objectives 
 
1. To determine the characteristics of imported candies currently containing lead, 
 
2. To determine if there are changes in the brands of candies containing lead 
compared to previous studies, and  
 
3. To predict childhood blood lead levels that would be associated with the 
consumption of a contaminated candy. 
 
 
 
Hypotheses 
 
This study’s purpose is to identify imported candies in the county that contain 
lead.  This will allow us to determine what characteristics of the imported candies can be 
associated with high lead concentrations, such as those containing the ingredients 
tamarind and/or chili in previous studies.  We would hope that the end results of this 
study will show a very low mean concentration of lead in the imported candies, but 
previous studies have not shown that to be the case.  Imported candies from Latin 
American countries have a higher mean lead concentration than their counterparts from 
the United States.  In addition, those candies with tamarind and chili have been known to 
have higher lead concentrations than other types. 
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The first hypothesis deals with the differences in candy ingredients: 
 
H0:  Candies with tamarind or chili do not differ in lead concentrations from 
candies with other ingredients. 
 
HA:  Candies with tamarind or chili have higher mean lead concentrations than 
those with other ingredients.   
 
The second hypothesis deals with candy type: 
 
H0:  The different candy types (soft, hard, and other) have no differences in mean 
lead concentrations. 
 
HA:  Candies of different type do not have equal mean lead concentrations. 
 
The third hypothesis deals with comparing the purchase location: 
 
H0:  Mean lead concentrations of candies purchased from swap meets do not 
differ from those purchased from supermarkets 
 
HA:  Mean lead concentrations between the two locations differ. 
 
 
 
Integrated Exposure Uptake Biokinetic Model 
 
This study will also explore a mathematical model called the Integrated Exposure 
Uptake Biokinetic Model (IEUBK).  The purpose of the model is to predict blood lead 
levels associated with multi-pathway exposures to lead from various environmental 
sources (Lewandowski & Forslund, 1994).  This model uses four interrelated modules 
(exposure, uptake, biokinetic, and probability distribution) to estimate blood lead levels 
in children exposed to lead contaminated sources (Figure 1).   
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Figure 1.  Components of the IEUBK Model 
 
 
 
(US EPA, 2007) 
 
 
 
The first component is the exposure module which deals with the means that a 
child can be exposed to lead such as through air, water, soil, dust, and food (US EPA, 
2007).  The relationship between blood lead and environmental lead concentrations from 
different sources (air, water, soil, dust, food) was estimated using a model linear in lead 
concentrations.  The linear regression coefficients between blood lead and lead in each of 
the environmental media then become the slope factors for each source (US EPA, 2007). 
The second component is the uptake module which models the process by which 
lead is transferred to the blood plasma.  The model deals with this by giving the various 
exposure routes different absorption fractions, which it terms ‘bioavailability’ (US EPA, 
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2007).  This absorption component was developed for the IEUBK model based on 
evidence from in vivo data in infant and juvenile baboons and human infants whose 
intake of lead is observed and known (Mallon, 1983; Sherlock and Quinn, 1986 as cited 
by US EPA, 2007).  The model calculates lead absorption from the gut as a function of 
two components. The first component, passive, does not depend on lead concentrations in 
the gut as it is not saturable with cellular transport mechanism (US EPA, 2007). The 
second component, facilitated or active, may saturate cellular transport mechanism when 
the total concentration of lead in the gut from total gut intake by all media is sufficiently 
large, which is a kinetically non-linear absorption mechanism (US EPA, 2007).  
Summing up the passive and facilitative absorption components gives the total absorption 
percentage. 
The third component is the biokinetic module which is a mathematic expression 
of the movement of absorbed lead throughout the body (blood stream to body tissues to 
elimination).  Transfer coefficients are used to model the movement of lead between the 
different internal organs to deal with the changing concentration of lead in blood (US 
EPA, 2007).  The structure of the biokinetic model is based on compartmental models for 
lead in adults and was verified and extended based on studies in infant and juvenile 
baboons whose age (5 to 26 months) and size (2.5 to 6 kg) are only slightly smaller than 
those of human children (Mallon, 1983 as cited by US EPA, 2007).  The ratios of lead 
concentrations in tissues of human children from autopsy data were used to adjust the 
baboon's biokinetic distribution parameters to human infants and children (Barry, 1975, 
1981; Harley and Kneip, 1985 as cited by US EPA, 2007).  These tissue-to-blood 
concentration ratios from the human child autopsy data were then incorporated in the 
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IEUBK model, assuring complete consistency with the best available data (US EPA, 
2007). 
The last component, variability, addresses the fact that not everyone having the 
same exposures will develop the same blood lead concentration due to differences in 
environmental context, behavior, exposures, measurement, biology, and food 
consumption (US EPA, 2007).  To address the variability, the model uses a log-normal 
probability distribution and a geometric standard deviation (GSD), which is based on 
specific analyses of data from several neighborhoods with paired data for environmental 
lead concentration and measured blood lead levels (US EPA, 2007). 
Using the information about the child’s exposures to lead, the model will give a 
geometric mean blood lead level as well as a distribution to estimate the probability that a 
child’s blood lead level will exceed a certain level (10 µg/dL; US EPA, 2007).   It should 
also be noted though that this model is used for exploratory purposes and not intended to 
predict blood lead levels in a specific individual as it has been reported by the US EPA 
that the model is more successful in predicting community blood lead distributions (US 
EPA, 1989 as cited by Lewandowski & Forslund, 1994).  
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CHAPTER 4 
 
METHODOLOGY 
 
Overview 
 
The goal of this project is to determine lead concentrations in candies imported 
from Latin American in Clark County, Nevada, and provide data to be used as the basis 
for preventative measures.  More specifically, the research is intended to identify 
common characteristics of imported candies that contain harmful concentrations of lead 
and to predict the potential blood lead levels a child may reach following consumption of 
contaminated candies. 
Previous studies have determined that children can, and do, acquire elevated 
blood lead levels through consuming imported candies from Latin America (CDC, 2002).  
Elevated blood lead levels in children are of particular concern because they have been 
related to permanent neurological and developmental problems.  Clark County will be 
specifically assessed because of its large Hispanic community.   
Through an assessment of a selected sampling of imported counties, this project 
will determine if there is a substantial amount of lead in Latin American candies, as well 
as identifying the common characteristics among candies with high levels of lead.  This 
study utilizes a surveillance based, descriptive framework using a combination of 
qualitative and quantitative methods, in order to determine the characteristics of candies 
with detectable levels of lead.   
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Study Design 
 
The research utilizes an opportunistic design.  We are essentially examining any 
imported candies we are able to obtain that are currently in Clark County.   
 
 
Variables and Operational Definitions 
 
The predictor variables are those variables that will be used in comparison tests 
which include: candy type (soft, hard, liquid, powder, or gum), ingredients (tamarind, 
chili, sugar, salt, or other) and purchase location (swap meet or grocery store).  These are 
all nominal (categorical) variables.  The resulting lead concentration is the outcome 
variable which is recorded as a continuous variable.  For estimating childhood blood lead 
levels with the Integrated Exposure Uptake Biokinetic Model (IEUBK), the continuous 
variables of sample weight, package weight, and serving size will also be measured.  In 
combination with the lead concentration, these variables will allow for the calculation of 
a lead dose to be utilized in the model. 
 
 
Study Population 
 
The subjects of concern in this study are imported candies only.  Studies on 
Hispanic children and their consumption of imported candies are not assessed.  However, 
from a previous study done in Clark County, it was determined that there is an increased 
consumption of imported candies among Hispanic middle school students than any other 
ethnic group (Donnelly, 2007).  Since no questionnaires or human subjects are involved 
in this study, there is no need to acquire a subjects approval.  Data required for the 
IEUBK model will utilize data obtained from past studies in Clark County.   
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Sampling 
 
Sampling was conducted in a partially clustered manner.  Candies are not 
typically packaged individually but rather in bulk packs of many candies.  A few 
randomly selected candies (2-3) from each package purchased will be tested.  The 
candies will be purchased from both swap meets and ethnic grocery stores within Clark 
County giving a total of ~500 candies. 
 
 
Lead Concentrations in Candies 
 
Lead concentrations are measured using x-ray fluorescence spectrometry (XRF).  
The basic principle of XRF is to excite at atom with X-ray photons to dislodge an 
electron from one of the inner electron orbitals, which will cause an electron from one of 
the outer orbitals to fill this vacancy in order to regain stability (Palmer et al., 2009).   As 
a result, excess energy is released in the form of an X-ray photon (Ida & Kawai, 2005).  
This energy can be used to identify the element because the quantum states of each 
atom’s electrons are fairly unique, and thus, the energy of the emitted photons is 
characteristic of the elements present since the number of photons detected at a specific 
energy is proportional to the number of atoms of each element (Ida & Kawai, 2005). 
XRF instruments can be categorized into two basic types: wavelength dispersive 
(WD) and energy dispersive (ED).  WDXRF instruments provide better resolution, but 
they require stronger sources and specialized crystal optics, which restricts its use to a 
laboratory (Palmer et al., 2009).  This study will utilize the second type – EDXRF 
instruments.  EDXRF instruments are typically found as hand-held, field-portable 
instruments (see Figure 2), which due to evolutionary developments in hardware and 
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software have given them similar performance characteristics as their expensive 
laboratory XRF analyzer counterpart (Palmer et al., 2009).  These EDXRF devices, 
which will be referred to as XRF from now on, have three basic components: an X-ray 
source, a detector, and a digital pulse processor (Palmer et al., 2009).  The X-ray source 
is either a radioisotope (e.g., 55Fe, 109Cd, 241Am) or an X-ray tube (Ida & Kawai,  
2005).  The X-ray fluorescence emitted by various elements in the sample is collected by 
a thermoelectrically cooled solid-state detector (Palmer et al., 2009).  Lastly, a digital 
pulse processor monitors both the energy of the X-rays and the number arriving per unit 
time (Palmer et al., 2009).  These data are used to generate a spectrum that plots the 
intensity of emitted photons (usually in counts per second) as a function of their energy in 
kiloelectron volts (keV), upon which the analyzer’s microprocessor and software convert 
this information into a readout of sample composition (Palmer et al., 2009).  This 
portable XRF spectrometer is powered by a battery and can be held with a hand so it can 
easily be carried anywhere and perform non-destructive analysis (Ida & Kawai, 2005).  In 
addition, these spectrometers are not regulated by any law due to the low power of the X-
ray tube (Ida & Kawai, 2005).  Other major advantages include minimal sample 
preparation requirements, ability to rapidly screen large numbers of products in the field, 
lower capital equipment and supply costs, and lower cost per analysis (Palmer et al., 
2009).  
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Figure 2.  Illustration of a Niton EDXRF 
 
 
 
 
(Ida & Kawai, 2005) 
 
 
 
 Portable XRF spectrometers are used in many applications such as onsite analysis 
of environmental samples, archaeological objects, and paintings (Ida & Kawai, 2005).  Its 
use with food products has also been examined.  One such application involved the 
analysis of blocks of organic, “free-trade” chocolate liquor from Ecuador.  Inductively-
coupled plasma mass spectrometry (ICP-MS) results indicated low parts per million 
(ppm) levels of lead (Pb) in samples of this product (Palmer et al., 2009).  In the analysis 
of one sample that was found to contain 17 ppm Pb via ICP-MS, quantitative analysis of 
the sample via XRF along with the use of authentic standards prepared in a similar matrix 
gave a concentration that was nearly identical (Palmer et al., 2009). 
In general, the selectivity (and resolution) of XRF is more than adequate for 
detecting multiple elements, assuming there are no significant spectral overlaps (Palmer 
et al., 2009).  However, in most applications, the presence of multiple toxic elements with 
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overlapping lines in a given product is unlikely (Palmer et al., 2009).  A more significant 
disadvantage with XRF is its limit of detection (LOD), which is the lowest concentration 
level at which the device cannot accurately measure the element.  XRF LODs depend on 
a number of factors, including the intensity of the X-ray source, type and efficiency of the 
detector, measurement time, sample density, sample matrix, and target element (Palmer 
et al., 2009).  LODs for Pb using hand-held analyzers are generally in the range of 1-10 
ppm using 1-2 min measurement times which are orders of magnitude less sensitive that 
ICP-MS (Palmer et al., 2009).  As a result, candies tested below 10 ppm of lead will be 
subsequently sent to a private laboratory and tested using ICP-MS (see Figure 3).  Not all 
candies below 10 ppm of lead will be sent to the private laboratory due to issues with cost 
and so only candies that are assumed to have lead contamination will be sent.  These 
include candies with past issues with lead or associations with other heavy metals.  In 
addition, some candies over 10 ppm of lead will also be sent to the private laboratory for 
determining accuracy of the XRF device. 
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Figure 3.  Flow chart for testing candies via XRF or ICP-MS 
 
 
 
(Palmer et al., 2009) 
 
 
 
ICP-MS is a type of mass spectrometry with the following components: sample 
injection system, inductively coupled plasma, plasma sampling interface, mass analyzer, 
detector, and computer (Lobinski, Schaumloffel, & Szpunar, 2006).  The procedure 
typically follows that of a standard mass spectrometry except the sample to be analyzed is 
first introduced into hot plasma, which serves as a sufficient source of positively charged 
ions and electrons to make the gas electrically conductive (Lobinski, Schaumloffel, & 
Szpunar, 2006).  The ions from the plasma are extracted into a mass spectrometer, where 
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the ions are separated on the basis of their mass-to-charge ratio and transmitted 
sequentially to the ion detection system where a detector receives an ion signal 
proportional to the concentration (see Figure 4; Ray et al., 2004). 
 
 
Figure 4.  Illustration of ICP-MS 
 
 
http://www.gso.uri.edu/icpms/how_does.htm 
 
 
 
ICP-MS is undoubtedly superior in many aspects of analytical chemistry (see 
Table 2).  It is able to detect and quantify 85% of all elements down to concentrations not 
measurable by other techniques (Ammann, 2007).  It provides temperatures of 
approximately 5500 °C that no material can withstand and, is thus, the most versatile 
atomizer and element ionizer available (Ammann, 2007).  Additionally, the ICP ion 
source is much less vulnerable to the salt and solvent loads introduced by a sample which 
is typically experienced by other analytical devices (Ammann, 2007).  Lastly, it can 
accommodate samples of different composition such as liquids, solids, and gases 
(Ammann, 2007).   
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Table 2.  XRF vs. ICP-MS comparison 
 
(Palmer et al., 2009) 
 
 
 
Data Analysis 
 
All data analysis will be carried out with the latest version of SPSS and SAS.  
Normality and equality of variances will first be assessed on all variables.  
Transformations and weighting will be utilized if necessary.  Depending on these results, 
parametric or nonparametric statistics will be employed.  Post-hoc tests will be conducted 
with Bonferroni tests if necessary.   
 
 
Integrated Exposure Uptake Biokinetic Model 
 
The Integrated Exposure Uptake Biokinetic Model (IEUBK) allows for the 
manual input of many factors.  For the purposes of this study, many of the default settings 
which are originally designed for lead superfund sites will be changed using Clark 
County data.  The data originates from a study conducted in 2006, by the University of 
Nevada, School of Public Health and the Southern Nevada Health District’s Childhood 
Lead Prevention Program.  Through this study, lead exposure data, such as dust, soil, and 
water (Torres, 2009; Newberry, 2010) on residential and childcare facilities built prior to 
Technique XRF ICP-MS 
elements Na-U Li-U (difficult to do F, N, O) 
interferences spectral overlaps, limited 
resolution 
well-known isobaric interferences 
LODs 1-10 ppm for As, Cd, Hg, Pb in 
solids; 
1-10 ppm for As, Cd, Hg, Pb in 
liquids 
ppb-ppm for As, Cd, Hg, Pb in 
solids; 
ppt-ppb for As, Cd, Hg, Pb in 
liquids 
sample preparation Minimal (“as is” or 
homogenization) 
Significant (digestion/filtration) 
field analysis Yes (~1 min/sample) not possible 
capital cost $25000-$50000 $170000-$250000 
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1978 were obtained.  The reason for testing residencies built prior to 1978 is because that 
was the year in which lead was banned as an additive in products such as paint and 
gasoline.  As a result, these pre-1978 homes are more likely to contain more exposures to 
lead than homes built after 1978.   The Clark County data included both residential and 
childcare facilities but for the purposes of this model both facilities were combined as 
some childcares were simply converted homes.  In addition, children of ages 1-6 years 
typically spend most of their time between the two facilities.  The model does allow for 
an input for different age groups for outside air lead concentrations, dietary lead intake, 
outdoor soil concentration, and indoor dust concentration but a constant value will be 
used for those exposures as there is no reason to believe that environmental 
concentrations changes with age. 
Outside air lead concentrations were not measured in the study in Clark County 
and so a value of 0.1 µg/m³ will be used.  It is assumed that the indoor air lead 
concentration is 30% of the outdoor concentration (i.e., 0.03 µg/m³) initially. These 
values are a national average based on lead monitoring stations that have sufficient data 
to assess trends since 1980 (US EPA, 2008).  The air exposure parameter also includes 
inputs for time spent outdoors, ventilation rates, and lung absorption percentages for each 
child age and so national averages established by the EPA (Environmental Protection 
Agency) will be used (see Table 3).  The range of values for child lung absorption was 
established by EPA as 25 to 45% for young children living in non-point source areas, and 
42% for those living near point sources, however, the default value used in the Lead 
Model is 32% (U.S. Environmental Protection Agency, 1989a as cited by US EPA, 
2007).  The time spent outdoors and ventilation rate are assumed to depend on the child's 
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age and these parameters allow for a time-weighted air lead intake to be calculated (U.S. 
Environmental Protection Agency, 1989a as cited by US EPA, 2007). 
 
 
Table 3.  National averages for air exposure parameter among children 
 
Age 
(years) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 
Time 
outdoors 
(hr/day) 
1 2 3 4 4 4 4 
Ventilation 
rate 
(m³/day) 
2 3 5 5 5 7 7 
Lung 
absorption 
(%) 
32 32 32 32 32 32 32 
 
(U.S. Environmental Protection Agency, 1989a as cited by US EPA, 2007) 
 
 
 
The dietary exposure parameter includes default values which are estimates based 
upon the Food and Drug Administration (FDA) food monitoring data collected from 
1995-2003 (FDA, 2006 as cited by US EPA, 2007).  The default dietary data, however, 
will be omitted and only dietary lead intake from candy (determined in this study) will be 
used because the default data could have potentially accounted for candy already.  In 
addition, the purpose of this study is to look at the effect of candy on blood lead levels. 
The water exposure parameter will utilize the mean lead concentration in water 
from data collected in Clark County.  Water consumption rates will utilize rates 
determined by the U.S. EPA which are based on surveys for drinking water and tap water 
(Ershow and Cantor, 1989), market basket estimates of dietary intake (Pennington, 1983; 
Gartrell, 1986), and on observational studies of soil and dust ingestion for children in the 
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U.S. (see Table 4; Binder et al., 1986; Calabrese et al., 1989, 1992a,b, 1993; Davis et al., 
1990 as cited by US EPA, 2007). 
 
 
Table 4.  National average for water consumption among children 
 
Age (years) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 
Water 
Consumption 
(L/day) 
0.2 0.5 0.52 0.53 0.55 0.58 0.59 
 
(US EPA, 2007) 
 
 
 
The soil and dust exposure parameters are combined in the IEUBK model as they 
are interrelated.  The soil exposure parameter will also utilize the mean lead 
concentrations in soil from data (Torres, 2009; Newberry, 2010) collected in Clark 
County.  The dust parameter, however, will be run with two different values.  The first 
value represents the fraction of the soil lead concentration that contributes to the 
concentration of lead in household dust.  If there were no other sources, this would be the 
ratio of the dust lead concentration to the soil lead concentration and the current default 
value of 0.70 is appropriate to neighborhoods or residences in which loose particles of 
surface soil are readily transported into the house (US EPA, 2007).  The second value 
(used in another run of the model) will be based on data (Torres, 2009; Newberry, 2010) 
obtained from residential and childcare facilities in Clark County, Nevada.  The 
parameter, ‘amount of soil/dust ingested daily’ is a bit of an issue as intake of soil and 
dust has not been accurately addressed in past studies (US EPA, 2007).  The default 
values will be used and this is based on dust ingested either during kitchen preparation of 
food or by hand-to-mouth activity during indoor and outdoor play activity (see Table 5; 
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US EPA, 2007).  This parameter also includes a soil/dust ingestion weighting factor as 
the ratio of soil intake to dust intake is not simply proportional to the ratio of the number 
of waking hours that the child spends outdoors versus indoors.  Children spend only 15 to 
30% of their waking hours playing outside but are more likely to be in contact with bare 
soil areas, in locations with large amounts of accessible loose particles, and are likely to 
wash their hands less often than when they are indoors (US EPA, 2007).  The default 
45/55% ratio determined by the U.S. EPA best represents this factor. 
 
 
Table 5.  Default values for dust and soil intake among children 
 
Age 
(years) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 
Total 
dust + 
soil 
intake 
(g/day) 
0.085 0.135 0.135 0.135 0.100 0.090 0.085 
 
(US EPA, 2007) 
 
 
 
The last parameter of input is the bioavailability parameter.  Values for this 
parameter are based on previous studies as well concluding that bioavailability of lead 
from a normal infant diet is very high, with at least 40 to 50% of the dietary lead intake 
(diet and water) passing into the child’s blood (Alexander et al., 1974a,b; Ziegler et al., 
1978; Ryu et al., 1983 as cited US EPA, 2007).   For dust and soil lead intake, the 
current assumption is that 30% of dust and soil lead intake is absorbed into the blood 
(US EPA, 2007).  This is assumed to be partitioned into a nonsaturable component of 
6% and a saturable component of 24% (US EPA, 2007).  These hypotheses are based on 
studies in small laboratory animals such as rats (Barltrop and Khoo, 1975; Barltrop and 
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Meek, 1979 as cited by US EPA, 2007).  Other parameters the model includes, such as 
‘maternal’ and ‘alternate’ sources of lead, will not be used. 
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CHAPTER 5 
 
RESULTS 
 
Although roughly ~500 candies were collected and tested with a handheld XRF 
(x-ray fluorescence) device, only a total of 96 candies were sent to Exova Laboratory to 
be tested with ICP-MS (inductively coupled plasma mass spectrometry).  Of those 96 
candies, 40 candies came up with a non-detectable (ND) level of lead.  The ICP-MS used 
by Exova laboratory had a detection limit of 0.01 parts per million (ppm) or 0.01µg/g.  
This means that 40 candies tested had a level of lead below 0.01 µg/g.  Due to the large 
amount of left censored data, these candies could not be omitted or else the average lead 
concentration in the candies would be inflated.  As such, non-detectable leaded candies 
were treated in three ways.  First, they were given a value of 0µg/g to represent the 
lowest amount of lead the candies could possibly have.  Second, they were given a value 
of 0.01µg/g (the detectable limit of the ICP-MS used) to represent the highest possible 
concentration of lead the candies could have.  Using these values allowed for the creation 
of a range that the actual mean concentration of lead could fall in.  The third value used 
was 0.005µg/g, which is the midpoint between 0µg/g and 0.01µg/g.  This third value 
follows the assumption that if the non-detectable leaded candies followed a normal 
distribution, then the average would fall in the middle of the two end points.  With non-
detectable candies removed, the mean lead concentration was 0.058µg/g.  Inclusion of the 
non-detectable candies gave a mean lead concentration range of 0.034-0.038µg/g.  The 
differences between these means (candies with non-detectable values removed and 
candies with non-detectable values replaced) were indeed significant.  More specifically, 
candies with ‘only detectable levels’ differed in mean lead concentration from those with 
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the non-detectable candies replaced with 0µg/g (p<.001) and 0.005µg/g (p<.001).  This 
justified the use of replaced non-detectable values (0µg/g, 0.005µg/g, and 0.01µg/g) since 
omitting non-detectable values inflated the average significantly.   
 Based on the distribution of our data, there were four versions of the lead 
concentration variable: the first contained only detectable levels and omitted non-
detectable levels; the second contained non-detectable levels replaced with 0.01µg/g; the 
third contained non-detectable levels replaced with 0.005µg/g; and the fourth contained 
non-detectable levels replaced with 0µg/g.  Distribution graphs of the four variables 
depicted a log distribution and so a log transformation was conducted on the variables to 
make them normally distributed (see Appendix).  Normality tests were conducted but due 
to the small sample size, the Shapiro-Wilk and Kolmogorov-Smirnov tests were not used 
as definitive tests of normality.  Equality of variance as well as graphs (histograms, box 
plots, and Q-Q plots; see Appendix) were utilized in conjunction to make a final decision 
on normality.  Of the four variables, only lead concentrations with detectable values 
appeared normal (see Table 6).  Table 7 depicts the statistical methods used to deal with 
the four different lead concentrations based on the normality tests.  The lead 
concentrations with non-detectable values replaced with 0.01µg/g was used twice.  First, 
using a standard nonparametric method, and second, using another nonparametric method 
with the non-detectable values marked as a censored value.  This was done to determine 
if statistical methods for handling censored data would differ from the replacement of 
censored data with hypothetical values.   
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Table 6.  Normality test results for the four versions of the lead concentration variable 
 
 
Only 
detectable 
values 
Non-
detectable 
values 
replaced with 
0.01µg/g 
Non-
detectable 
values 
replaced with 
0.005µg/g 
Non-
detectable 
values 
replaced with 
0µg/g 
N 56 96 96 96 
Skewness .395 .689 .289 -.092 
Kurtosis -.310 -.624 -1.248 -1.698 
Shapiro-
Wilk Test 
W=.972 
(p=.227) 
W=.852 
(p<.001) 
W=.856 
(p<.001) 
W=.803 
(p<.001) 
Kolmogorov
-Smirnov 
Test 
D=.090 
(p=.200) 
D=.243 
(P<.001) 
D=.269 
(p<.001) 
D=.287 
(p<.001) 
Levene’s 
Test for 
Equality of 
Variance 
F=.238 
(p=.628) 
F=5.666 
(p=.019) 
F=3.742 
(p=.056) 
F=1.778 
(p=.186) 
Ingredients 
(H1) 
F=.285 
(p=.754) 
F=3.479 
(p=.035) 
F=4.338 
(p=.016) 
F=5.183 
(p=.007) 
Candy type 
(H2) 
F=.423 
(p=.520) 
F=.050 
(p=.824) 
F=.097 
(p=.756) 
F=.164 
(p=.687) 
Location 
(H3) 
 
*tests done on log transformations 
 
 
 
Table 7.  Statistical approaches used for hypotheses 
  
Hypothesis 
Only 
detectable 
values 
Non-
detectable 
values 
replaced 
with 
0.01µg/g 
Non-
detectable 
values 
replaced with 
0.01µg/g 
(marked as 
censored) 
Non-
detectable 
values 
replaced with 
0.005µg/g 
Non-
detectable 
values 
replaced 
with 0µg/g 
I ANOVA Wilcoxon-rank 
sum test 
Mann-Whitney 
test (Gehan 
scores) 
Wilcoxon-rank 
sum test 
Wilcoxon-rank 
sum test 
II ANOVA Kruskal-Wallis test 
Mann-Whitney 
test (Gehan 
scores) 
Kruskal-Wallis 
test 
Kruskal-Wallis 
test 
III ANOVA Wilcoxon-rank 
sum test 
Mann-Whitney 
test (Gehan 
scores) 
Wilcoxon-rank 
sum test 
Wilcoxon-rank 
sum test 
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Hypothesis I 
 
 The results of the first hypothesis were uniform throughout all tests.  All tests 
revealed that the candy ingredients did significantly differ with one another (see Table 8).  
The original test was one-sided with the assumption that candies with chili or tamarind 
would have higher mean lead concentrations that those without chili or tamarind.  
However, as it turns out, it was in fact the opposite that occurred.  In this study, candies 
with chili or tamarind had significantly less lead concentrations that those without chili or 
tamarind in the ingredients (see Table 8). 
 
 
Table 8.  Statistical tests for differences in candy ingredients 
 
 
Only 
detectable 
values 
(ANOVA) 
Non-
detectable 
values 
replaced with 
0.01µg/g 
(Kruskal-
Wallis) 
Non-
detectable 
values 
marked as 
censored 
(Gehan) 
Non-
detectable 
values 
replaced with 
0.005µg/g 
(Kruskal-
Wallis) 
Non-
detectable 
values 
replaced 
with 0µg/g 
(Kruskal-
Wallis) 
N (total / 
chili or 
tamarind/ 
no chili or 
tamarind) 
54/23/31 95/43/52 95/43/52 95/43/52 95/43/52 
Test Statistic F=9.245 χ²=4.3237 χ²=4.4102 χ²=4.3237 χ²=4.3237 
p-value (one-
tailed) .004 .0171 .0179 .0197 .0181 
Mean of 
candies 
w/chili or 
tamarind 
(µg/g) 
.047 .030 .029 .027 .025 
Mean of 
candies w/o 
chili or 
tamarind 
(µg/g) 
.068 .045 .045 .043 .041 
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Hypothesis II 
 
 The results of the second hypothesis revealed that there were no differences in 
mean lead concentrations among the three different candy types (soft, hard, and other).  
One of the tests, ‘only detectable values’, did obtain a p-value near the 0.05 level of 
significance (see Table 9).  However, ‘only detectable values’ by its nature contains 
missing information (non-detectable values omitted) and so it cannot be held in higher 
regard than the other tests.  In addition, a subsequent post-hoc test to test individual 
differences between the candy types showed no differences in mean lead concentrations.  
Post-hoc tests for the other lead concentration variables were not necessary as none of the 
tests were significant. 
  
 
Table 9.  Statistical tests for differences in candy type 
 
 
Only 
detectable 
values 
(ANOVA) 
Non-
detectable 
values 
replaced 
with 
0.01µg/g 
(Kruskal-
Wallis) 
Non-
detectable 
values 
marked as 
censored 
(Gehan) 
Non-
detectable 
values 
replaced 
with 
0.005µg/g 
(Kruskal-
Wallis) 
Non-
detectable 
values 
replaced 
with 0µg/g 
(Kruskal-
Wallis) 
N (total/soft/hard/ 
other) 57/14/19/24 96/34/29/33 96/34/29/33 96/34/29/33 96/34/29/33 
Test Statistic F=3.161 χ²=2.0332 χ²=1.9898 χ²=2.0332 χ²=2.0332 
p-value (two-tailed) .051 .3657 .3636 .3637 .3618 
 
 
 
Hypothesis III 
 
 The results of the third hypothesis revealed that candy purchase location, swap 
meet or supermarket, made no difference in mean lead concentrations in imported 
candies.  All tests were in agreement with each other. 
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Table 10.  Statistical tests for differences in candy purchase location 
 
 
Only 
detectable 
values  
(ANOVA) 
Non-
detectable 
values 
replaced 
with 
0.01µg/g 
(Kruskal-
Wallis) 
Non-
detectable 
values 
marked as 
censored 
(Gehan) 
Non-
detectable 
values 
replaced 
with 
0.005µg/g 
(Kruskal-
Wallis) 
Non-
detectable 
values 
replaced 
with 
0µg/g 
(Kruskal-
Wallis) 
N (total/swap meet/ 
supermarket) 35/21/14 66/38/28 66/38/28 66/38/28 66/38/28 
Test Statistic F=.074 χ²=.0152 χ²=.0352 χ²=.0152 χ²=.2641 
p-value (two-tailed) .787 .9078 .855 .9034 .6152 
 
 
 
Integrated Exposure Uptake Biokinetic Model 
 
 The Integrated Exposure Uptake Biokinetic Model (IEUBK) was executed nine 
times with varying settings for the exposure parameters (see Table 11).  The reason for 
the multiple runs of the model was because of the presence of non-detectable values not 
just in the candy data but also for the exposure parameters (dust, soil, and water) for the 
IEUBK model.  Therefore, ranges had to be used for dust, soil, water, and candy inputs.  
The soil data contained only one censored value (non-detectable) and so the differences 
in means between all the three different values for non-detectable levels (0µg/g, 
0.005µg/g, and 0.01µg/g) were not significant (p>.05).  As a result, only the midpoint 
value (0.005µg/g) was used for non-detectable levels of soil.  Just as there were many 
non-detectable values for candy data, there were many non-detectable values for dust and 
water.  Both variables were treated exactly like the candy data in that non-detectable 
levels were given three different values (0µg/g, 0.005µg/g, and 0.01µg/g) and the model 
executed to evaluate then changed.  Differences in means between all of the three 
different values for non-detectable levels were significant for both dust (p<.001) and 
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water (p<.001) and so all three values were used in the IEUBK model (see Table 12).  In 
the nine models, each replaced non-detectable value was correspondingly used with the 
same non-detectable value for the other parameters.  For instance, if non-detectable 
values were given 0µg/g for diet, then dust and water data inputted had to use 0µg/g for 
non-detectable values. 
 
 
Table 11.  Adjusting exposure parameters with non-detectable lead levels for each run of  
the IEUBK Model 
 
Model Dust (µg/g) Soil (µg/g) Water 
(µg/L) 
Air 
(µg/m³) 
Diet 
(µg/day) 
1 Default setting; 70% of soil 
All values 
 
All values; 
ND = ND 0.1 
All values; 
ND = ND 
2 Default setting; 70% of soil 
All values 
 
All values; 
ND = ½ ND 0.1 
All values; 
ND = ½ ND 
3 Default setting; 70% of soil 
All values 
 
All values; 
ND = 0 0.1 
All values; 
ND = 0 
4 0 0 0 0 All values; ND = ND 
5 0 0 0 0 All values; ND = ½ ND 
6 0 0 0 0 All values; ND = 0 
7 
Converted dust 
wipes; 
ND = ND 
All values 
 
All values; 
ND = ND 0.1 
All values; 
ND = ND 
8 
Converted dust 
wipes; 
ND = ½ ND 
All values 
 
All values; 
ND = ½ ND 0.1 
All values; 
ND = ½ ND 
9 
Converted dust 
wipes; 
ND = 0 
All values 
 
All values; 
ND = 0 0.1 
All values; 
ND = 0 
 
*ND = non=detectable 
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Table 12.  Mean exposure parameters based on Clark County data 
 
Exposure All values; ND=ND All values; ND=1/2ND All values; ND=0 
Soil (µg/g)* 47.26 +/- 103.11 47.26 +/- 103.11 47.26 +/- 103.11 
Water (µg/L) 5.19 +/- 0.90 2.82 +/- 1.43 0.45 +/- 1.97 
Dust (µg/g)* 0.78/0.84 0.55/0.59 0.31/0.34 
Diet (µg/day) 0.548 +/- 0.765 0.499 +/- 0.789 0.450 +/- 0.808 
 
(Torres, 2009; Newberry, 2010) 
*soil values were not statistically different (p>.05), and so the midpoint value was used 
*dust was converted from µg/ft² with a depth assumption of 1 ft and done twice: first a straight conversion; second an adjusted 
conversion calculated at 25ºC and 1 atm using CDC converter (http://www.cdc.gov/niosh/docs/2004-101/calc.htm) 
 
 
 
The first three models included Clark County specific data for soil and water, but 
the dust parameter was set at the default setting, which was 70% of soil.  Models 4, 5, and 
6, solely analyzed the contribution from a single serving of candy and thus all parameters 
except for diet were excluded and set to zero.  Models 7, 8, and 9, were similar to models 
1, 2, and 3, with the exception that the dust parameter used Clark County data.  The user 
guide for the IEUBK model does state that site specific information should be used if 
measured, however, dust data taken in Clark County was measured differently that what 
the model required.  The model required dust values in µg/g (ppm) but previous data 
collected was in µg/ft².  The only way to convert between the two was if the Clark 
County data was measured by volume instead of area.  An assumption was made of 1ft³ 
in place of 1ft² for the area.  The rationale for this assumption was that a child playing 
within a foot from where the dust sample was taken can disturb the dust thereby diffusing 
it into the air and inhaling or ingesting it.  Using the molecular weight and density of air, 
the volume can be converted into mass.  This conversion, however, was not realistic for 
this study as temperature and pressure have the ability to alter the values.  Warmer air 
does become less dense and so a conversion tool developed by the Center for Disease 
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Control (CDC) was used that took into account of these added variables.  This adjustment 
slightly raised the actual concentration of lead which can be seen in Table 11.   
The diet parameter required a rate instead of a concentration and previous studies 
in Clark County regarding consumption rates were not appropriate for this age 
demographic.  For middle school students, consumption rates are very low – on the order 
of once per week or even once per month (Donnely, 2007).  Some, however, did report, 
daily consumption (Donnely, 2007).  With an average mean lead concentration of 0.5µg 
in the candies (see Table 12) a rate of once per week or once per month would lower the 
concentration to 0.07µg/day and 0.017µg/day, respectively.  These values are negligible 
in the model and so a rate of one serving a day was used in the model. 
The results of running all nine models showed not a single model exceeding the 
blood lead level of 10µg/dL.  There was also a 0% probability in all models for exceeding 
that level.  Using Clark County data, with default dust settings, the expected mean blood 
lead concentration ranged from 0.687 – 1.097µg/dL.  The expected contribution from the 
candy alone ranged from 0.084 – 0.102µg/dL.  Using Clark County data, including 
converted dust values, the expected mean blood lead concentration ranged from 0.404 – 
0.822µg/dL.  The age specific predicted blood lead levels and probability distribution 
graphs for each run of the model are depicted below.  It should be noted that the results of 
the model simulation did not actually include children younger than six months as they 
will still be affected by pre-natal lead exposure and are likely to show little influence 
from exposure to soil, dust, and paint (US EPA, 2007). 
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Table 13.  Calculated blood lead and lead uptakes for model 1* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0.021 0.268 0.508 1.124 1.921 1.1 
1-2 0.034 0.266 1.261 1.772 3.334 1.4 
2-3 0.062 0.267 1.316 1.779 3.425 1.3 
3-4 0.067 0.268 1.346 1.785 3.466 1.2 
4-5 0.067 0.270 1.404 1.329 3.070 1.1 
5-6 0.093 0.270 1.484 1.199 3.046 1.0 
6-7 0.093 0.270 1.511 1.134 3.009 0.9 
 
* parameters:  dust: 70% of soil; soil: 47.26µg/g; water: ND=0.01µg/L; air: 0.1µg/m³; diet: ND=0.01µg/day 
 
 
 
Figure 5.  Probability density graph for model 1 
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Table 14.  Calculated blood lead and lead uptakes for model 2* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0.021 0.245 0.277 1.125 1.668 0.9 
1-2 0.034 0.244 0.689 1.779 2.745 1.1 
2-3 0.062 0.244 0.718 1.784 2.809 1.1 
3-4 0.067 0.245 0.734 1.789 2.836 1.0 
4-5 0.067 0.246 0.766 1.332 2.410 0.9 
5-6 0.093 0.247 0.809 1.201 2.350 0.7 
6-7 0.093 0.247 0.824 1.135 2.300 0.7 
 
* parameters:  dust: 70% of soil; soil: 47.26µg/g; water: ND=0.005µg/L; air: 0.1µg/m³; diet: ND=0.005µg/day 
 
 
 
Figure 6.  Probability density graph for model 2 
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Table 15.  Calculated blood lead and lead uptakes for model 3* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0.021 0.221 0.044 1.127 1.414 0.8 
1-2 0.034 0.221 0.110 1.785 2.151 0.9 
2-3 0.062 0.222 0.115 1.790 2.188 0.8 
3-4 0.067 0.222 0.118 1.794 2.200 0.8 
4-5 0.067 0.223 0.123 1.334 1.747 0.6 
5-6 0.093 0.223 0.130 1.203 1.649 0.5 
6-7 0.093 0.224 0.132 1.137 1.586 0.5 
 
* parameters:  dust: 70% of soil; soil: 47.26µg/g; water: ND=0µg/L; air: 0.1µg/m³; diet: ND=0µg/day 
 
 
 
Figure 7.  Probability density graph for model 3 
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Table 16.  Calculated blood lead and lead uptakes for model 4* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0 0.273 0 0 0.273 0.2 
1-2 0 0.273 0 0 0.273 0.1 
2-3 0 0.273 0 0 0.273 0.1 
3-4 0 0.274 0 0 0.274 0.1 
4-5 0 0.274 0 0 0.274 0.1 
5-6 0 0.274 0 0 0.274 0.1 
6-7 0 0.274 0 0 0.274 0.1 
 
* parameters:  dust: 0µg/g; soil: 0µg/g; water: 0µg/L; air: 0µg/m³; diet: ND=0.01µg/day 
 
 
 
Figure 8.  Probability density graph for model 4 
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Table 17.  Calculated blood lead and lead uptakes for model 5* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0 0.249 0 0 0.249 0.1 
1-2 0 0.249 0 0 0.249 0.1 
2-3 0 0.249 0 0 0.249 0.1 
3-4 0 0.249 0 0 0.249 0.1 
4-5 0 0.249 0 0 0.249 0.1 
5-6 0 0.249 0 0 0.249 0.1 
6-7 0 0.249 0 0 0.249 0.1 
 
* parameters:  dust: 0µg/g; soil: 0µg/g; water: 0µg/L; air: 0µg/m³; diet: ND=0.005µg/day 
 
 
 
Figure 9.  Probability density graph for model 5 
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Table 18.  Calculated blood lead and lead uptakes for model 6* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0 0.224 0 0 0.224 0.1 
1-2 0 0.225 0 0 0.225 0.1 
2-3 0 0.225 0 0 0.225 0.1 
3-4 0 0.225 0 0 0.225 0.1 
4-5 0 0.225 0 0 0.225 0.1 
5-6 0 0.225 0 0 0.225 0.1 
6-7 0 0.225 0 0 0.225 0.1 
 
* parameters:  dust: 0µg/g; soil: 0µg/g; water: 0µg/L; air: 0µg/m³; diet: ND=0µg/day 
 
 
 
Figure 10.  Probability density graph for model 6 
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Table 19.  Calculated blood lead and lead uptakes for model 7* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0.021 0.270 0.511 0.547 1.349 0.7 
1-2 0.034 0.268 1.271 0.863 2.437 1.0 
2-3 0.062 0.269 1.325 0.866 2.522 0.9 
3-4 0.067 0.270 1.354 0.868 2.558 0.9 
4-5 0.067 0.271 1.409 0.645 2.391 0.8 
5-6 0.093 0.271 1.488 0.581 2.434 0.8 
6-7 0.093 0.271 1.515 0.549 2.429 0.7 
 
* parameters:  dust: ND=0.01µg/g; soil: 47.26µg/g; water: ND=0.01µg/L; air: 0.1µg/m³; diet: ND=0.01µg/day 
 
 
 
Figure 11.  Probability density graph for model 7 
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Table 20.  Calculated blood lead and lead uptakes for model 8* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0.021 0.247 0.279 0.544 1.090 0.6 
1-2 0.034 0.246 0.694 0.861 1.835 0.8 
2-3 0.062 0.246 0.723 0.863 1.894 0.7 
3-4 0.067 0.247 0.739 0.864 1.916 0.7 
4-5 0.067 0.247 0.769 0.642 1.724 0.6 
5-6 0.093 0.248 0.811 0.578 1.731 0.5 
6-7 0.093 0.248 0.826 0.547 1.714 0.5 
 
* parameters:  dust: ND=0.005µg/g; soil: 47.26µg/g; water: ND=0.005µg/L; air: 0.1µg/m³; diet: ND=0.005µg/day 
 
 
 
Figure 12.  Probability density graph for model 8 
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Table 21.  Calculated blood lead and lead uptakes for model 9* 
 
Age Air (µg/day) 
Diet 
(µg/day) 
Water 
(µg/day) 
Soil+Dust 
(µg/day) 
Total 
(µg/day) 
Blood 
(µg/dL) 
0.5-1 0.021 0.223 0.045 0.541 0.830 0.5 
1-2 0.034 0.223 0.111 0.858 1.227 0.5 
2-3 0.062 0.223 0.116 0.860 1.261 0.5 
3-4 0.067 0.223 0.118 0.861 1.269 0.4 
4-5 0.067 0.224 0.123 0.639 1.053 0.4 
5-6 0.093 0.224 0.130 0.576 1.023 0.3 
6-7 0.093 0.224 0.132 0.544 0.994 0.3 
 
* parameters:  dust: ND=0µg/g; soil: 47.26µg/g; water: ND=0µg/L; air: 0.1µg/m³; diet: ND=0µg/day 
 
 
 
Figure 13.  Probability density graph for model 9 
 
 
 
 
 
To determine exactly what would it take to reach the limit of 10µg/dL, the model 
was run with hypothetical dietary values.  Models 1, 2, and 3 were used for the dust, soil, 
and water parameters (see Table 22 and Figures 14, 15, 16).  Models 7, 8, and 9 were not 
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used because the dust values, which were actual Clark County data, were very low and 
not realistic.  They only accounted for potential dust on a surface being disturbed and 
kicked up into the air.  It omitted any potential dust already present in the air which is 
why the dust contribution from models 7, 8, and 9 were so low (see Tables 19, 20, 21).  
Dietary intake values were inputted in each model until the mean blood lead 
concentration for all ages reached 10µg/dL.  Once the dietary rate was obtained, those 
rates were divided by the mean lead concentration in a single serving of candy (from 
Table 12).  This gave the number of servings of candy required to ingest each day to 
reach that required dietary rate.  The number of servings for each age group as well as the 
probability distribution curves for each model is listed below.  Model 1 and model 3 
serve as the range end points. 
 
 
Table 22.  Number of candies required to reach a blood lead level (BLL) of 10µg/dL 
 
Model 1* Model 2* Model 3* 
Age (years) µg/day # of servings 
of candy/day µg/day 
# of servings 
of 
candy/day 
µg/day # of servings 
of candy/day 
0.5 – 1 42 77 43 86 43 96 
1-2 51 93 52 104 53 118 
2-3 61 111 62 124 63 140 
3-4 62 113 64 128 65 145 
4-5 67 122 68 136 69 154 
5-6 72 131 74 148 75 167 
6-7 80 146 81 162 82 183 
Mean 
(geometric) 61 112 63 125 64 141 
 
*model 1 parameters:  dust: 70% of soil; soil: 47.26µg/g; water: ND=0.01µg/L; air: 0.1µg/m³; diet: ND=0.01µg/day 
*model 2 parameters:  dust: 70% of soil; soil: 47.26µg/g; water: ND=0.005µg/L; air: 0.1µg/m³; diet: ND=0.005µg/day 
*model 3 parameters:  dust: 70% of soil; soil: 47.26µg/g; water: ND=0µg/L; air: 0.1µg/m³; diet: ND=0µg/day 
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Figure 14.  Probability density graph for model 1 with 10µg/dL BLL  
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Figure 15.  Probability density graph for model 2 with 10µg/dL BLL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
54 
 
Figure 16.  Probability density graph for model 3 with 10µg/dL BLL 
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CHAPTER 6 
 
DISCUSSION 
 
The results of this study revealed three characteristics of imported candies from  
Latin America in Clark County, Nevada.  The first was that purchase location (swap meet 
or supermarket) made no difference in the mean lead concentrations in the candies.  The 
second was that candy type (soft, hard or other) also made no difference in the mean lead 
concentration.  Lastly, the third characteristic was that candies without chili or tamarind 
had higher lead concentrations than candies with chili or tamarind.  In contrast to 
previous studies where candies with chili or tamarind have been known to have higher 
concentrations of lead, this was not the case for imported candies in Clark County.  
Candies with chili or tamarind had significantly lower levels of lead than candies without 
those ingredients.  Because this study looked at only a few ingredients, it was difficult to 
ascertain which ingredient or ingredients caused the increase in lead concentration.  An 
interesting ingredient to look at in future studies would be salt.  Salt is a common 
ingredient in many of the imported candies tested and can contain lead depending on the 
source of the salt.  For instance, mined salt, as opposed to sea salt, contains impurities, 
some of which is lead, and if the manufacturer used salt of the mined variety then it is 
possible that the salt contributed to the lead concentration in the candies.   
Both the candy and the IEUBK (Integrated Exposure Uptake Biokinetic) model 
results showed that imported candies from Latin America were not a serious threat to 
children in Clark County, Nevada.  The amounts a child would have to eat in order to 
reach the maximum allowable level of lead in their blood were unreasonable, though not 
impossible.  On average, a child would have had to consume imported candies in the 
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region of ~125 a day to reach a blood lead level of 10µg/dL.  However, these numbers 
were conservative as they did not include the lead contribution from other foods.  In 
addition, information revealed in this study should not be taken definitively as only a 
handful of candies were sampled.   
Nine different runs of the IEUBK model were used to illustrate children’s blood 
lead levels in Clark County.  The one that most accurately depicted the Las Vegas area 
would be the run that used the midpoint values for non-detectable levels (0.005µg/g) in 
the water and diet values specific to Clark County.  The dust parameter used was the 
default standard conversion from soil data which was preferred over the converted Clark 
County dust values.  The converted dust values were based off the premise that a child 
would have to be near the vicinity of disturbed surface dust that was distributed into the 
air.  In addition, the converted dust value also excluded the contribution of outdoor soil 
that may be brought into the home.  Both of these factors made the converted dust values 
too conservative.  This difference was noticeable as could be seen in the outputs of run #2 
(Table 14; Figure 6) and run #8 (Table 20; Figure 12). There was an increase of ~.3µg/g 
for all ages in estimated blood lead levels when using standard dust levels over Clark 
County dust data. 
Very few candies actually had a high lead concentration.  Of the 96 candies 
tested, only 6 candies had a level above 0.1µg/g (the federal allowable level).  
Comparison of the brands of these six candies to candies over the allowable level in past 
studies (CDPH, 2008) revealed no matches.  The brands of candies above 0.1µg/g we 
tested in this study were all new and different.  However, because the sample size in this 
study was limited, it is still unclear whether or not those brands of candies tested in the 
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past no longer have high levels of lead.  Although not many significant differences in the 
candy characteristics were detected from this study, valuable information was obtained in 
the use of ICP-MS (inductively coupled plasma mass spectrometry) over XRF (x-ray 
fluorescence)  to determine lead concentrations in candy.  In this study, the candies were 
actually tested twice – one with the handheld XRF device and one with ICP-MS.  The 
results between the two measuring instruments varied greatly.  This was not expected as 
the XRF device was supposed to be able to measure lead concentrations above 10µg/g.  
What was expected was for low lead concentrations to not be detected by the XRF 
device, but detectable by ICP-MS.  This did occur; however, the opposite occurred as 
well.  Some lead levels detected by the XRF device (>1-10µg/g) would register as non-
detectable from ICP-MS.  Of course, ICP-MS results were used as they are the more 
accurate and reliable measurements.  It is possible the calibration of the XRF device was 
off, but a more likely reason for this discrepancy was that measuring lead concentrations 
in candy with the XRF device followed a similar method to that of testing soil samples.  
Candy of course is composed of a different composition than soil and may contain 
ingredients not found in soil that may interfere with the XRF readings.  For instance, salt 
is a common ingredient in imported candies from Latin America and can appear in high 
amounts.  The problem with salt is that whenever a composition containing salt is tested 
by XRF, the salt gives rise to a matrix interference (Price, 1972).  This interference effect 
is caused by the molecular absorption and scattering associated with salt particles formed 
in the atomic absorption flame, which ultimately produces the conflicting lead results 
(Price, 1972).  As a result, this study has shown the need for a specific handheld XRF 
method just for candies containing salt. 
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 This study also showed an alternate method of treating censored data by actually 
assigning actual numbers to the non-detectable values.  The results of this study 
concluded that non-detectable levels of lead were important for measuring means.  
Exclusion of non-detectable levels gave inflated means so they could not be ignored (see 
Appendix).  An accurate measure of mean values was not possible with non-detectable 
values, but setting the non-detectable levels of lead at its lowest and highest possible 
amounts allowed for a range of the means to be created.  For descriptive purposes, this 
method was plausible.  In terms of actually comparing means using the various statistical 
methods, the replaced values (0.01µg/g, 0.005µg/g, and 0µg/g) for non-detectable data 
made no difference in the final outcome compared to treating non-detectable values as 
censored values.  This was most likely the result of the detection limit of the ICP-MS 
(0.01µg/g) being very small compared to actual detected lead concentrations.  By this, the 
difference between the three replaced values (0.005µg/g) was too small to make an 
impact in changing the final outcome.    
 The results of the IEUBK model also helped to illustrate an important factor when 
measuring lead concentrations in candy.  The results of this study showed that serving 
size and concentration made a big difference in total amount of lead consumed.  For 
lower lead concentrations in general (<.2µg/g), a candy with a higher concentration will 
not always contribute to a total lead amount higher than a candy with a larger serving size 
but with a smaller concentration.  This, in fact, was demonstrated several times in the 
data.  In one example, a candy with a lead concentration of 0.120µg/g (above the 
allowable level) and a serving size of 6g, gave a total lead contribution of 0.72µg.  
However, another candy with a smaller lead concentration of 0.081µg/g (below the 
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allowable level) and a serving size of 30g, gave a total lead contribution of 2.673µg.  This 
lead contribution was almost four times as much.  As a result, the total amount of lead in 
a serving of candy should be addressed by health officials in addition to lead 
concentrations. 
 Though the IEUBK model proved interesting, there were several limiting factors 
in its use.  One of the variables the IEUBK model lacked was the imported candy 
consumption rates for children ages 1-7 years.  Previous studies in Clark County looked 
at consumption rates for older children which were used for the model.  Using 
consumption rate values for middle school students actually gave conservative estimates 
to blood lead levels in children ages 1-7 years as these younger children typically have a 
smaller body mass which means they receive a larger dose of lead if identical candies 
were consumed by both age groups.  Future tests should account for these child specific 
rates. 
Another issue with the IEUBK model was that the model provided one-year 
average blood lead concentrations.  Because the IEUBK Model allows changes in 
exposure to environmental lead concentrations only at one year intervals, and provides 
output at only one year age intervals, changes in exposure are smoothed over one year 
(US EPA, 2007).  The model cannot be used to predict the effects of short term exposure 
episodes, such as exposure over a few days or weeks to lead dust and airborne particles 
that may be generated during lead paint abatement (US EPA, 2007).  Nevertheless, the 
IEUBK Model should provide reasonable accuracy for children’s blood lead 
concentration as long as the changes in these environmental lead concentrations can be 
approximated by annual average values.   
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In terms of dietary exposure, using daily average values was not ideal.  Candies 
did not typically contain the average concentration of lead.  Most contained very little 
lead but a few had high levels (>0.1µg/g) or even extremely high levels of lead 
(>100µg/g).  If such a highly concentrated candy was consumed, the IEUBK model 
would simply give an increased average of blood lead level which does not depict a real 
life scenario.  For instance, in this study 6 of the 96 candies tested were above the 
0.1µg/g level.  Translating this ratio over the course of a year with a rate of one candy a 
day would give about 23 candies above 0.1µg/g that would be consumed.  Let’s say these 
23 candies contained on average, 500µg/g of lead.  This would increase the daily dietary 
intake of lead to 32.44µg/g.  Running this new dietary data into the IEUBK model with 
run#2 parameters (dust: 70% of soil; soil: 47.26µg/g; water: ND=0.005µg/L; air: 
0.1µg/m³) gave a new average blood lead level of 5.94µg/dL.  If the 23 candies contained 
an average of 1000µg/g, the new average blood lead level would be 10.04µg/dL.  The 
reality of the situation is that it even fewer candies are necessary to bring a child’s blood 
lead level over 10µg/dL.  In a real life scenario, consumption of an extremely 
contaminated candy will cause a child’s blood lead level to spike sharply, even possibly 
going over the 10µg/dL level before dropping steadily.  If a child continues to eat candy 
with low levels of lead, it will still keep the blood lead level at a steady state preventing 
the blood lead level from decreasing back down to zero.  The IEUBK model masks this 
effect by giving an overall average which misses the fact that at some point a child’s 
blood lead level could have gone over the federal allowable level.  Even if the child’s 
blood level was over the federal allowable level for only a short time, if it were to occur 
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during a crucial period in child development, then there are bound to be several health 
concerns. 
The results of this study have shown that the real danger in imported candies with 
lead comes from the few candies that are heavily contaminated with lead.  Even in 
candies with a small amount of lead, it would take an unreasonable amount to bring a 
child’s blood lead level up significantly.  These findings illustrated the importance of 
using an XRF device to screen candies.  Although the XRF device was not capable of 
detecting small amounts of lead (<10µg/g), what was really important was catching 
candies with extremely high levels of lead. 
The unpredictable nature of lead in candies makes it difficult to regulate from a 
public health standpoint.  Lead exposure from imported candies will continue to be a 
problem unless all candies to be eaten are screened.  Of course testing all candies is 
impossible, but based on the small sampling of candies in this study there is simply not 
enough data to make useful assumptions regarding lead in imported candies.  Candies 
with high levels of lead seem to appear randomly which means that efforts should be 
made at the source.  Some additional steps such as washing chilies or cleaning machinery 
frequently would help to reduce the amount of lead ending up in the candies.  However, 
the likelihood of getting a company to spend the extra money to make such changes is 
slim.  Another potential solution would be to prevent the inferior version of the candies 
(candies made for local markets and not export) from entering our country whether 
through the use of stricter inspections or the use of unique packaging.  Nevertheless, there 
is still a lot to be learned about imported candies from Latin American in Clark County 
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and definitely a lot of room for future studies, particularly in determining more 
characteristics of candy with elevated lead levels.   
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APPENDIX 
 
SUPPLEMENTAL DATA 
 
Normality Plots 
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Q-Q Plot 
 
 
Box plot 
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Non-Detectable Values Replaced with 0.01µg/g 
 
Histogram 
 
 
Q-Q Plot 
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Box plot 
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Non-Detectable Values Replaced with 0.005µg/g 
 
Histogram 
 
 
Q-Q Plot 
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Box plot 
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Non-Detectable Values Replaced with 0µg/g 
 
Histogram 
 
 
Q-Q Plot 
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Box plot 
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Statistical Means 
 
Purchase Location 
 
Purchase Location 
Non-Detectable 
Values Replaced 
with 0.01µg/g 
Non-Detectable 
Values Replaced 
with 0.005µg/g 
Non-Detectable 
Values Replaced 
with 0µg/g 
Only Detectable 
Values 
swap meet Mean .03474 .03250 .03026 .054762 
N 38 38 38 21 
Std. Deviation .049393 .050593 .051888 .0597678 
supermarket Mean .03121 .02871 .02621 .052429 
N 28 28 28 14 
Std. Deviation .035993 .037576 .039261 .0414890 
Total Mean .03324 .03089 .02855 .053829 
N 66 66 66 35 
Std. Deviation .043931 .045245 .046658 .0525433 
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Candy Type 
 
Candy Type 
Non-Detectable 
Values Replaced 
with 0.01µg/g 
Non-Detectable 
Values Replaced 
with 0.005µg/g 
Non-Detectable 
Values Replaced 
with 0µg/g 
Only 
Detectable 
Values 
soft Mean .04188 .03894 .03600 .087429 
N 34 34 34 14 
Std. 
Deviation 
.060112 .061749 .063442 .0733136 
hard Mean .03603 .03414 .03224 .051944 
N 29 29 29 18 
Std. 
Deviation 
.039914 .041249 .042685 .0437876 
other/powder/liquid/gum Mean .03642 .03506 .03370 .047435 
N 33 33 33 23 
Std. 
Deviation 
.033558 .034721 .035989 .0348540 
Total Mean .03824 .03616 .03407 .059091 
N 96 96 96 55 
Std. 
Deviation 
.045951 .047292 .048722 .0517259 
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Candy Ingredients 
 
Candy Ingredients 
Non-Detectable 
Values Replaced 
with 0.01µg/g 
Non-Detectable 
Values Replaced 
with 0.005µg/g 
Non-Detectable 
Values Replaced 
with 0µg/g 
Only Detectable 
Values 
chili/tamarind Mean .02984 .02751 .02519 .047087 
N 43 43 43 23 
Std. Deviation .047692 .048738 .049889 .0606090 
other Mean .04485 .04292 .04100 .068097 
N 52 52 52 31 
Std. Deviation .044156 .045743 .047405 .0439040 
Total Mean .03805 .03595 .03384 .059148 
N 95 95 95 54 
Std. Deviation .046158 .047498 .048928 .0522098 
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Confidence Interval Graphs 
 
Candy Ingredients 
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